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(57)Abstract: 

PURPOSE: To correct a proximity effect by providing an actual 
exposure step of exposing a desired pattern and an inversion 
step of inverting expo sure information to be used for the actual 
exposure as it is, accumu lating it in a^shift register and exposin g in an 
in lensity weaker thanTthat by the actual exposure. . 
CONSTITUTION: Pattern data ot a pattern to be exposed is supplied to 
a shift register 1, and sequentially fed from the register 2 to an exposure 
device for independently controlling a plurality of charged particle beams 
to expose the pattern. In this case, an output of the register 1 is also 
supplied to an inverter 2, and fed back to the register 1. After the 
pattern data is fed from the register 1 to perform an actual exposure for 
exposing a pattern to be exposed, the inverted pattern data is fed from 
the register 1, and inversion-exposed. This inversion exposure is 
executed in an intensity lower than that of the actual exposure in an 
out-of-focus state. Thus, a proximity effect correction can be efficiently 
performed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the charged particle beam exposure method 

which amended the proximity effect about the charged particle beam exposure method. 

[0002] in recent years, IC it is expected that the role made into the nucleus technology of technical 

progress covering the industrial whole is has attained about 4 times as many high integration as this in 

two - three years For example, in DRAM, 1M, 4M, 16M, 64M, 256M, 1G, and integration of those are 

progressing. 

[0003] Such high integration is earnestly based on progress of ultra-fine processing technology. Opto- 
electronics is continuing progress so that 0.5-micrometer micro processing may become possible. 
However, the limitation of opto-electronics is in about about 0.3 micrometers. Moreover, in ****** 0 f a 
contact hole, alignment with a lower layer pattern, etc., it is becoming difficult gradually to secure 
precision, 

[0004] In electron beam exposure, micro processing 0.1 micrometers or less can be realized in the 
alignment precision of 0.05 micrometers or less. Moreover, 2 / throughput of about 1 sec can be 
expected now 1cm in recent years by the block exposure by this invention persons, or exposure of a 
blanking aperture array method. 

[0005] That is, even if it takes any of a detail, alignment precision, a quick turnaround, reliability, and 
the possibilities by soft improvement, electron beam exposure has the advantage which stood high as 
compared with other lithography technology. 
[0006] 

[Description of the Prior Art] Generally electron beam exposure is performed using a point beam, an 
adjustable rectangle beam, a block pattern beam, etc. In any case, in order to expose the field of the 
request on a wafer, it is required to deflect and position an electron beam. 

[0007] With reference to drawing .5. , the possible electron beam machine of block exposure is explained. 
An aligner is roughly divided into the exposure section 10 and a control section 50. The exposure 
section 10 is a portion which generates an electron beam, operates orthopedically the shape of a spot, 
and in the shape of a pattern, and is exposed in the request position of an exposure object. A control 
section 50 is a portion which forms the signal which controls the exposure section 10. In addition, under 
the exposure section 10, the stage 35 in which the exposure object W is laid is. 

[0008] First, the exposure section 10 is explained. The electron generated from the cathode electrode 1 1 
is pulled out by the grid electrode 12 and the anode electrode 13. These electrodes 11, 12, and 13 
constitute the charged particle beam generation source 14. 

[0009] It is orthopedically operated by the 1st slit 15 which has rectangle-like opening, the 1st electron 
lens 16 which converges an electron beam is passed, and the electron beam generated from the charged 
particle beam generation source 14 carries out incidence of the beam irradiation position on the 
transparency mask 20 to the slit deflector 17 for carrying out a correction deviation. The slit deflector 17 
is controlled by the correction deviation signal SI. 
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[0010] in order to operate an electron beam orthopedically to a desired pattern -- two or more 
transparency of rectangle opening, block pattern opening of a predetermined pattern, etc. - the 
transparency mask (stencil mask) 20 which has a hole is used The electron beam which passed the slit 
deflector 17 It is arranged on the transparency mask 20 with which it was equipped horizontally possible 
[ movement ] between the 2nd electron lens 18 countered and formed, the 3rd electron lens 19, and these 
electron lenses, and the transparency mask 20, and in the bottom, respectively -- positional information 
P1-P4 - responding — an electron beam — deviating - the transparency on the transparency mask 20 ~ 
it is orthopedically operated by the request pattern through the electron beam plastic surgery section 
containing the 1st which chooses one of the holes - the 4th deflecting system 21-24 
[001 1] The electron beam operated orthopedically is intercepted or passed by the blanking electrode 25 
to which a blanking signal SB is impressed. The electron beam which passed the blanking electrode 25 
is adjusted by the 4th electron lens 26, aperture 27, the refocusing coil 28, and the 5th electron lens 29, 
and carries out incidence to the focal coil 30. The focal coil 30 has the function to which the focus of the 
electron beam is carried out on the field for exposure. Moreover, the SUTIGU coil 31 corrects 
astigmatism. 

[0012] Further, an electron beam has the position controlled by the 6th electron lens 32, the main 
deflector 33 which performs positioning on the exposure object W according to the exposure spotting 
signals S2 and S3, and the sub deflector 34 which is electrostatic deflecting system, and is irradiated 
with it by the request position on the exposure object W. 

[0013] In addition, the exposure object W is laid and moved to the stage 35 movable in the XY 
direction. Moreover, the 1st - the 4th alignment coil 36, 37, 38, and 39 are further formed in the 
exposure section 10. 

[0014] A control section 50 has memory 51 and CPUS 2. The design data of an integrated circuit device 
is memorized by memory 51, and is read and processed by CPU52. In addition to this, CPU52 controls 
the whole charged particle beam aligner. 

[0015] An interface 53 transmits various information, such as the drawing information incorporated by 
CPU52, for example, the drawing positional information on the wafer W which should draw a pattern, 
and mask information on the transparency mask 20, etc. Data memory 54 carries out storage 
maintenance of the drawing pattern information and mask information which were transmitted from the 
interface 53. 

[0016] The pattern control controller 55 receives drawing pattern information and mask information 
from data memory 54. them following -- transparency of a transparency mask -- one of the holes -- 
specifying the specification transparency, while generating the position signals P1-P4 which show the 
position on the transparency mask of a hole the pattern configuration which should draw, and 
specification transparency -- a hole it has a specification means to perform various processings 
including the processing which calculates the correction value H according to the configuration 
difference with a configuration, a maintenance means, an operation means, and an output means 
[0017] The amplifier section 56 which has a digital to analog converter function and an amplifier 
function receives correction value H, and generates the correction deviation signal SI. The mask move 
mechanism 57 moves the transparency mask 20 if needed according to the signal from the pattern 
control controller 55. 

[0018] The blanking control circuit 58 controls the amplifier section 59 which has a digital to analog 
converter function and an amplifier function according to the signal from the pattern control controller 
55, and generates a blanking signal SB. 

[0019] A sequence controller 60 receives drawing positional information from an interface 53, and 
controls a drawing processing sequence. The stage move mechanism 61 moves a stage 35 if needed 
according to the signal from a sequence controller 60. 

[0020] Movement of this stage 35 is detected by the laser interferometer 62, and is supplied to the 
deviation control circuit 63. The deviation control circuit 63 calculates the exposure position on Wafer 
W, and it supplies a signal also to a sequence controller 60 while it supplies a signal to the amplifier 
sections 64 and 65 which generate the exposure spotting signals S2 and S3. In addition, the amplifier 
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sections 64 and 65 have a digital to analog converter function and an amplifier function, respectively. 
[0021] In the usual electron beam exposure, beam deflection of the deviation field of 2-10mm** is 
carried out with the main deflector 33 which is a magnetic-deflection machine, and the subfield about 
100 micrometer** is deflected with the sub deflector 34 which is electrostatic deflecting system. 
[0022] Pattern data are read from memory 51, are transmitted to data memory 54, and are accumulated 
by CPU52 here. With the pattern data read from data memory 54, the pattern control controller 55 
disassembles a pattern for every shot. 

[0023] It separates into the data for main deflector 33, the data for sub deflector 34, the data for slit 
deflector 17, a blanking signal SB, etc., and the pattern data disassembled into each shot carry out 
deviation control of the electron beam. 

[0024] By the way, a charged particle is injected into the resist layer formed on the object of a 
semiconductor wafer etc., and a resist is exposed. The charged particle which carried out incidence to 
the resist receives multiple scattering, advancing. 

[0025] When forming a resist layer on a silicon substrate and performing charged particle beam 
exposure, the charged particle which carried out incidence to the resist layer receives forward scattering, 
advancing within a resist layer, and advances from a resist layer to even in a silicon substrate. The 
charged particle which returned from the substrate and carried out re-incidence to the resist layer by 
multiple scattering receives dispersion within a resist layer further, and forms a backscattering. 
[0026] The accompanying pattern by dispersion is formed in the circumference of a desired exposure 
pattern of such forward scattering and a backscattering. If crowded with the patterns which should be 
exposed, the accompanying patterns by dispersion from each pattern will overlap, and exposure intensity 
will exceed the threshold of development. 

[0027] Consequently, the phenomenon in which a bigger pattern than desired pattern size is drawn 
happens. Since this phenomenon appears notably by the case of being crowded with patterns, it is called 
proximity effect. 

[0028] Drawing 6 is drawing explaining the proximity effect. Drawing 6 (A) is a graph which shows the 
track of the electron when having arranged the resist layer 72 formed by PMMA on the silicon substrate 
71, and irradiating an electron from the upper part. The chart on the left of drawing 6 (A) shows the 
track at the time of irradiating an electron with lOkV acceleration energy, and drawing on the right-hand 
side of drawing 6. (A) shows the track of the electron at the time of setting acceleration energy to 20kV. 
[0029] The track of 100 electrons is searched for by the simulation by the Monte Carlo method, 
respectively. The horizontal axis of a graph expresses the distance from the electron-irradiation position 
of the resist layer 2 with a micron, and a vertical axis shows the depth from resist layer 2 front face by 
the micron. 

[0030] By forward scattering and the backscattering, the electron irradiated by the resist layer 2 spread 
in the range which is about 2 micrometers when acceleration energy is 10kV, and when acceleration 
energy is 20k V, it has spread in about 4 micrometers or more, so that clearly from drawing. The 
proximity effect actually observed has width of face of about 3-5 micrometers. 
[003 1] Drawing 6 (B) is a graph which shows roughly the distribution of the exposure intensity 
produced by such electron beam exposure. In the portion of the exposure patterns PI, P2, and P3, 
exposure intensity is high and the tail portion by forward scattering and the backscattering, and Tl, T2 
and T3 are formed further around it. Depending on the area of a pattern, the intensity of the tail portion 
T is a low, if it is high if a pattern is large, and a pattern is narrow. 

[0032] If the acceleration energy of a charged particle beam is fixed, the breadth of the tail pattern T by 
dispersion is simultaneously regularity. As for the tail T which spreads on the outskirts from each 
pattern P, the intensity becomes low as the distance from a pattern becomes large. 
[0033] By the way, the tail portions Tl and T2 between the patterns PI and P2 shown in drawing have 
lapped mutually, and the influence which it has on a resist serves as the sum. Therefore, in the portion 
which is crowded with patterns, the tail portion from each portion laps and a development threshold may 
be exceeded. 

[0034] Drawing 6 (C) is drawing which explains roughly the proximity effect produced by the lap of 
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forward scattering and a backscattering **** tail portion. If a design pattern is created according to a 
desired pattern and charged particle beam exposure is performed according to a design pattern when 
exposing parallel rectangle type pattern P5 and P6 as shown in the drawing 6 (C) left-hand side, the 
pattern after exposure will become like pattern P5a shown in right-hand side, and P6a. 
[0035] That is, in the center section of pattern P5 and the gap between P6, the lap of the tail portion from 
pattern each portion will be strong, and pattern width of face will spread rather than a design value. 
Thus, if the proximity effect arises, the pattern of a request configuration will no longer be obtained. 
[0036] The technique for amending the proximity effect beforehand and obtaining the pattern of the 
configuration as a design is called proximity effect correction. Drawing 7 is drawing for explaining the 
amendment method of the proximity effect by the Prior art. 

[0037] Amendment of the proximity effect is not performed but drawing 7 (A) shows roughly the case 
where the proximity effect arises between figures. When it is going to expose rectangle pattern P5 and 
P6, as shown in the drawing 7 (A) right-hand side, in the center section, the pattern spread and spreading 
pattern P5a and spreading P6a have connected in a center section P7. The method of an amendment sake 
is explained for such the proximity effect below. 

[0038] Drawing 7. (B) shows the amendment method for the proximity effect by changing the irradiation 
intensity of a charged particle beam. If the whole surface product in a pattern is exposed by the same 
intensity when exposing pattern P5 and P6, as shown in dra wing 7 (A), the proximity effect will occur. 
[0039] Then, the proximity effect is amended by reducing the irradiation intensity of a charged particle 
beam in the portion close to other patterns. For example, as shown in drawing, the sample point X is 
taken in the center section of pattern P5 and the opposite side of P6, and a charged particle beam 
exposure including dispersion which a surrounding pattern does in these sample points is computed, and 
the exposure of the proximity sections P8 and P9 is adjusted so that it may become a desired exposure. 
[0040] the amount [ in / the field P7 between patterns / by reducing the charged particle beam exposure 
of the contiguity sections P8 and P9 ] of charged particle beam dispersion -- decreasing -- the proximity 
effect an amendment - things are made 

[0041] Drawing 7 (C) is drawing for explaining the figure deleting method which are other proximity- 
effect-correction methods. If pattern P5 and P6 are exposed as a design, each pattern will become large 
beyond a design value, and the proximity effect as shown in drawing 7. (A) will arise. Then, beforehand, 
it decreases below to a design value, and a pattern is adjusted so that the pattern after exposure may 
become a desired value including dispersion. 

[0042] For example, the sample point X is taken in the center section of pattern P5 and the opposite side 
of P6, a charged particle beam exposure including dispersion in these points is computed, and the 
contiguity fields P 10 and PI 1 of the opposite side are supported so that it may become desired pattern 
size. Consequently, the pattern which became thick by the proximity effect comes to form pattern P5 of 
desired width of face, and P6. 

[0043] However, since it amends for every patterns of all with which the figure deleting method and the 
irradiation on-the-strength changing method exist, the time which amendment processing takes increases 
quickly along with increase of a pattern. Moreover, since both the amendment method sets up a 
representation point for every pattern and amends based on the exposure on-the-strength value in those 
points, if there are few representation points, distortion of the pattern by the indirect effect cannot be 
amended. If the number of representation points is increased, increase of the processing time will be 
caused. 

[0044] Furthermore, about the block exposing method which carries out the package imprint of the 
complicated repeat pattern created on the mask, the figure deletion method and the irradiation on-the- 
strength change method of amending for every pattern are very difficult for carrying out in practice. 
[0045] Drawing 7 (D) shows the ghost exposing method which are other proximity-effect-correction 
methods. The auxiliary exposure pattern which are the main pattern for forming an exposure pattern and 
a display-in-white pattern of the main pattern is used for the ghost exposing method. Auxiliary exposure 
is performed by about 30 - 50% of intensity of the real exposure which usually exposes a main pattern. 
[0046] After exposing the main pattern by desired exposure intensity, an auxiliary exposure pattern is 
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exposed by the intensity corresponding to the intensity of the dispersion pattern subordinately formed of 
exposure of the main pattern. If such heavy exposure is performed, it will become possible by 
performing exposure almost uniform except the main pattern on the whole surface, and adjusting 
development level to develop only the main pattern. 

[0047] This invention persons proposed the blanking aperture array exposure method exposed 
controlling much openings independently, respectively. A blanking aperture array is roughly shown in 
drawing 8 . Drawing 8 (A) shows the outline plan of a blanking aperture array. Much openings 81 are 
formed in the shading nature substrate 80. 

[0048] For example, 64 openings 81 are put in order by the line LA 1 shown in the best stage in 
drawing, and 64 openings 81 are arranged in the position which shifted alternately in the following line 
LB1. Moreover, when the opening trains LAI and LB1 of two trains are made into 1 set in all, 8 sets of 
opening trains are arranged the lengthwise one in drawing. 

[0049] In addition, the pattern on a mask is reduced to 1/500 on a sample side. Each opening 81 has the 
size of 25 micrometer**, and is arranged in on a mask by the longitudinal direction in 50-micrometer 
pitch, and the lengthwise pitch is set as 100 micrometers. However, other opening trains of one line 
which shifted in the middle of 100-micrometer pitch alternately about lengthwise are arranged. 
[0050] As the whole blanking aperture array, it becomes [ at the longitudinal direction in drawing ] the 
size of about 800 micrometers about 3200 micrometers and the lengthwise one in drawing. In addition, 
opening of 25 micrometer** serves as a size of 0.05 micrometer** on an object. 
[0051] If a charged particle beam is irradiated through opening 81, moving such a blanking aperture 
array to the lengthwise one in drawing, the whole surface product on an object can be exposed by 1 set 
of opening trains LAI and LB1. According to 8 sets of opening trains, multiplex exposure of the whole 
surface can be carried out eight-fold. 

[0052] Electrodes 82a and 82b are formed in each opening 8 1 along with two sides which counter, and 
the field besides an object can be made to deflect the electron beam which passes opening 81 with the 
voltage impressed to these electrodes 82a and 82b. 

[0053] That is, Electrodes 82a and 82b can achieve the duty of a shutter to the electron beam which 
passes opening 81. One blanking aperture bus available is formed of the electrodes 82a and 82b formed 
opening 81 and its both-sides side. 

[0054] In above-mentioned composition, 128x8 blanking aperture bus available is formed. If it sees to 
lengthwise, since eight blanking aperture bus available will be arranged in the same horizontal position, 
the same position on an object can be exposed to eight-fold. 

[0055] Drawing 8 (B) is a graph explaining the exposure method in the case of exposing on a sample 
side using a blanking aperture array as shown in drawing 8 (A). In drawing 8 (B), a horizontal axis 
shows time by nsec and a vertical axis shows the distance on a sample side by mum. 
[0056] To a blanking aperture array, samples shall be 0.5 micrometers / 50ns, and shall move to uniform 
velocity. The curve shown by LAI shows the candidate for exposure of one blanking aperture bus 
available belonging to the train LA 1 shown in drawing 8 (A). 

[0057] The position from the criteria position on a sample side to 0.05 micrometers is exposed, and the 
field between 0.05 micrometers and 0.1 micrometers on a sample side is exposed to the time from 5ns to 
10ns at the time by 5ns. 

[0058] Thus, the exposure stripe of one train can be formed on a sample side by exposing the field 
exposed to the bottom of blanking aperture one by one every 5ns. 

[0059] By the way, in drawing 8 (A), when the sample is moving caudad from the upper part, it appears 
under other blanking aperture from which the same length position on a sample side shifted alternately 
after 10ns. 

[0060] For example, the area which can be exposed in the blanking aperture train LA 1 of one train is a 
0.05-micrometer width-of-face pitch O.lmicrometer field, and the line and space of a ** pitch are 
formed after exposure. 

[0061] In order to perform full coating crushing, it is necessary to expose in the blanking aperture train 
LA 1 and the blanking aperture train LB1 of the next step arranged complementary. The dashed line 
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LB1 showed the field which appears under the 2nd step of this blanking aperture train LB1. 
[0062] After 20ns, the field exposed to the bottom of the blanking aperture train LA 1 of eye the 1st 
train at time 0 is exposed to the bottom of the blanking aperture train LA 2 of eye the 3rd train. 
Similarly, it is exposed to the bottom of the blanking aperture bus available arranged in the position 
where the same position also follows for 40ns and 60ns. Multiplex exposure of the same position is 
carried out by exposing at each time. 

[0063] According to such multiplex exposure, exposure of the same object domain is divided into eight 
steps. The unit of ON/OFF of current becomes small, and an electron beam will increase gradually also 
as the whole and it will decrease gradually. That is, the abrupt change of exposure current is prevented 
and refocusing for compensating a Coulomb interaction becomes easy. 

[0064] Drawing 9 is a schematic diagram for explaining exposure by the blanking aperture array, In 
addition, the case where eye an easy hatchet and the target pattern are exposed once by only exposure is 
explained. What is necessary is just to repeat the same exposure in multiplex exposure. 
[0065] As shown in drawing 9 (A), suppose that the blanking aperture bus available 1 -bus availableS is 
arranged alternately [ two trains ]. The pattern which should be exposed presupposes that it is a figure as 
shown in drawing 9 (B). That is, it considers exposing a field as shown on an object at drawing 9. (B). 
Here, an object presupposes that it goes caudad and moves from the upper part of blanking aperture 
shown in drawing 9 (A). 

[0066] First, as shown in drawing 9 (C), the soffit of the field which should be exposed under the 
blanking aperture bus availablel and bus available2 reaches. Here, blanking aperture bus availablel and 
bus available2 is set to ON, and a corresponding field is exposed. 

[0067] In the following timing, as shown in drawing 9 (D), the field which should be exposed under 
three blanking aperture bus availablel, bus available2, and bus available3 of an upper case appears. 
Then, these fields are exposed. 

[0068] In the following timing, the field which should be exposed under the blanking aperture bus 
availablel and bus available2 of an upper case as shown in drawing 9 (E) appears. Then, these fields are 
exposed 

[0069] In addition, although the field which should be exposed to the field which adjoins the blanking 
aperture bus availablel and bus available2 at this time is arranged, since blanking aperture does not exist 
in the field corresponding to these, exposure is not performed. 

[0070] Thus, according to the target sample moving one by one caudad in the bottom of the blanking 
aperture bus' available, the field exposed to the bottom of blanking aperture is exposed alternatively. 
[0071] If it progresses to drawing 9 (G) after three fields are exposed by dra wing 9 (F), two fields which 
were not exposed by drawing 9 (E) will be arranged under the blanking aperture bus available-* and bus 
available5. Then, these fields are exposed by the blanking aperture bus available4 and bus available5 in 
this stage. 

[0072] That is, five trains are exposed among [ 1 and 3 ] the patterns of five trains using the blanking 
aperture bus availablel, bus available2, and bus available3 shown in the upper case of drawing 9 (A), 
and the field corresponding to the 2nd train and the 4th train shifts timing, and is exposed by the 
blanking aperture bus available4 and bus available5 . 

[0073] Thus, the field which can be exposed is exposed and the pattern shown in drawing 9 (B) is 
formed as an object moves one by one with drawing 9 (H), (I), and (J). Thus, according to the blanking 
aperture array, arbitrary figures can be exposed. 

[0074] In addition, a blanking aperture array is not opposed to block exposure, and is compatible. 
Namely, what is necessary is to prepare both a block pattern and a blanking aperture array on a stencil 
mask, to expose the pattern with much frequency of occurrence by block exposure, and just to expose 
the pattern with little frequency of occurrence by the blanking aperture array. 
[0075] 

[Problem(s) to be Solved by the Invention] Arbitrary patterns can be exposed by controlling the 
blanking aperture of each, irradiating a charged particle beam to the predetermined field on a sample 
according to the blanking aperture array, as explained above. 
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[0076] However, in charged particle beam exposure, an amendment sake needs to be auxiliary exposed 
in the proximity effect. By the way, the method which performs auxiliary exposure is not yet established 
using a blanking aperture array. 

[0077] the exposure technology which the purpose of this invention carries out ON/OFF control of two 
or more charged particle beams like a blanking aperture array method independently, and exposes a 
pattern on an object side — setting — the proximity effect — an amendment — it is offering the 
technology which can do things 
[0078] 

[Means for Solving the Problem] The charged particle beam exposure method of this invention contains 
the real exposure process which carries out ON/OFF control of two or more charged particle beams 
independently, irradiates on an object side according to exposure information, and exposes a request 
pattern, and the reversal exposure process of reversing the exposure information used for the 
aforementioned real exposure as it is, accumulating to a shift register, and performing strong weak 
exposure from real exposure. 
[0079] 

[Function] The information on a reverse pattern is acquired by reversing the exposure information used 
in case ON/OFF control of two or more charged particle beams is carried out independently and a 
desired pattern is exposed on an object side as it is. 

[0080] This reverse-pattern information is accumulated to a shift register, and if strong weak reversal 
exposure is performed rather than the real exposure for exposing a request pattern, auxiliary exposure of 
an amendment sake can be performed for the proximity effect. 
[0081] 

[Example] The charged particle beam exposure method by the basic example of this invention is shown 
in drawing..!. . As shown in drawing.! (A), the pattern data of the pattern which should be exposed are 
supplied to a shift register 1, and are sent out to the aligner which controls two or more charged particle 
beams independently from a shift register 1 one by one, respectively, and exposes a pattern. Under the 
present circumstances, the output of a shift register 1 is supplied also to an inverter circuit 2, and the 
pattern data reversed by the inverter circuit 2 return to a shift register 1. 

[0082] After real exposure which pattern data are sent out from a shift register 1, and exposes the target 
pattern is performed, reverse-pattern data are sent out from a shift register 1, and reversal exposure is 
performed. 

[0083] Exposure on an object is performed as shown in drawing 1 (B). The exposure object domain 3 on 
an object is divided by two or more unit strip fields 4a, 4b, and 4c and --, and the pattern data for 
exposing each unit strip field are supplied from the shift register 1 shown in drawing 1 (A). According to 
this pattern data, real exposure which exposes unit strip field 4a is performed like arrow 5a shown as a 
solid line. 

[0084] Then, the reverse-pattern data reversed by the inverter circuit 2 are supplied to an aligner from a 
shift register 1, and as shown in arrow 6a which auxiliary exposure of unit field 4a shows with a dashed 
line, it performs. In addition, reversal exposure is performed, where it is low exposure intensity and a 
focus is obscured rather than real exposure. 

[0085] Drawing 1 (C) is a graph which shows change of the focus when performing real exposure and 
reversal shading-off exposure. If the focus of a charged particle beam is doubled and real exposure 5a is 
performed, where the focus of a charged particle beam is removed next, reversal shading-off exposure 
6a will be performed. Then, real exposure 5b is performed after the focus has doubled, a focus is again 
obscured with a real exposure end, and reversal shading-off exposure 6b is performed. Thus, while real 
exposure and reversal shading-off exposure change a **** state, it performs. 

[0086] Drawing 2 is the block diagram showing the composition of the electron beam machine by the 
more concrete example of this invention. As for the exposure system 10 of an electron beam machine, 
pattern data are supplied to each blanking aperture of this blanking aperture array 8 through a delay 
circuit D including the blanking aperture array 8. That is, the same data can shift timing to opening of 
one train of a blanking aperture array, and are supplied to it. 
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[0087] In order to supply pattern data to a delay circuit D at high speed, 2 sets of shift registers 1 A and 
IB are connected to the delay circuit D. While using one shift register, the shift register of another side 
can prepare data. 16 sets of scrollers SI and S2 and --S16 are connected to these 2 sets of shift registers 
1 A and IB, and 1 set of data can be supplied to shift registers 1 A and IB by turns. 
[0088] Each scroller S is a circuit which has the same composition as a shift register 1 fundamentally. In 
order to supply pattern data to Scroller S, combination with the memory SM, such as 4 sets of pattern 
data expansion equipments PD and SRAM, is connected to each scroller, respectively. That is, 4x 16= 
64 sets of combination of pattern data expansion equipment PD and a static RAM is established in all. 
[0089] Each pattern data expansion equipment PD receives pattern data from data memory, creates the 
pattern data of one unit which should be exposed, and accumulates pattern data in the memory SM 
formed by SRAM. 4 sets of memory SM1-SM4 supplies pattern data to the scroller S corresponding to 
alternation. 

[0090] Inverter circuits 2a and 2b can be connected to shift registers 1 A and IB, respectively, the output 
signal of each shift register can be reversed, and it can return to a shift register input. 
[0091] Therefore, if pattern data are supplied to a shift register 1 through Scroller S from data expansion 
equipment PD and are supplied to a delay circuit D from a shift register 1, the reversal data of the 
pattern data will be automatically formed of an inverter circuit 2, it will return to a shift register 1, and 
reverse-pattern data will be outputted following pattern data. 

[0092] In addition, the exposure system 10 is what prepared the blanking aperture array in the exposure 
system as shown in drawing 5 , and can be constituted. As drawing 8 showed, when a blanking aperture 
array is what has the blanking aperture of 128x8, the pattern data supplied to the blanking aperture array 
8 make 128xn a unit. Here, n is a number which specifies the length of the unit strip field 4 shown in 
drawing.! (B), for example, is 2000. 

[0093] Drawing. 3. shows the example of composition of the scroller which can transmit such pattern data 
of 128x2000 at high speed. Drawing 3 (A) is the block diagram showing the circuitry of a scroller. The 
scroller which can receive 128 pattern data IN0-IN127 in parallel, and can hold them 2000 times in 
series connects the shift register sr of 128x2000 like illustration. 

[0094] That is, 128 sets of series connections of 2000 shift registers sr are arranged in parallel. 128 input 
signals IN0-IN127 can be received in parallel, and 128 output signals EX0-EX127 can be supplied in 
parallel. 

[0095] Drawing 3 (B) is the circuit diagram showing the example of composition of each shift register 
sr. The output signal of a transistor Trl is impressed to the gate electrode of the 2nd step of transistor 
Tr2 through the gate formed with Transistor TrA. 

[0096] For example, when the gate voltage of a transistor Trl was highness, the output of a transistor 
Trl becomes a low and Gate TrA opens, the transistor Tr2 which received this signal becomes off, and 
the output serves as highness. Thus, one step of shift register is formed of two transistors Trl and Tr2. In 
addition, the output signal of transistors Trl and Tr2 is alternatively told to an output side by Gates TrA 
and TrB, respectively. 

[0097] Here, the example of operation for performing exposure by the blanking aperture array at 
practical use speed is explained briefly. The case where it exposes by 2/sec 1cm is considered that the 
size of one electron beam is 0.05micrometer**. Icm2 In area, 4x1010 beams of 0.05 micrometer** will 
be contained. In order to expose 4x1010 in 1 second, the number of beams uses 128x8. 
[0098] The stage in which a sample is laid presupposes that it goes on by about 50 mm/sec in the 
direction of Y, and suppose that an electron beam is movable in the direction of X in 2mm / 2ns as a 
whole with a main deflector. 

[0099] A sub deflector performs 100-micrometer movement to 5microsec 5 times in the direction of Y. 
At this time, as a scan speed, it is 100 micrometers / 5microsec, and time required for the scan per 
micrometer is set to 50ns. This value needs to serve as length for 2.5ns to 0.05 micrometers which is the 
length per beam, and needs to process one shot in 2.5ns. 

[0100] In the above-mentioned composition by which the blanking aperture array has been arranged 
eight-fold at the travelling direction of a beam, eight shots are performed to expose one point. Before 
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exposure is completed to the same position, eight shots, i.e., the time for 20ns, will start. Therefore, 
when applying refocusing to electron beam intensity, time required for refocusing is set to 20ns instead 
of2.5ns. 

[0101] When the area which should be exposed is 2/sec 0.5cm, stage traverse speed can be made into a 
half and lOmicrosec of the double precision of Smicrosec can be used for a sub deflector exposing the 
same area as the above-mentioned. In this case, time required for one shot also serves as 5microsec of 
double precision. According to the composition shown in drawing 2 and drawing 3 , it becomes possible 
to perform such high-speed exposure. 

[0102] Drawing 4 shows roughly the exposure method of performing ghost (assistance) exposure of an 
amendment sake for the real exposure which exposes a desired pattern using composition as shown in 
drawing 2 and drawing 3 , and the proximity effect. Drawing 4 (A) shows real exposure and dr awing 4 
(B) shows ghost exposure. 

[0103] In real exposure, as shown in drawing 4 (A), it exposes using all the blanking aperture by which 
128 blanking aperture bus available has been arranged at 8 train parallel at beam travelling direction. 
[0104] Always let the five remaining trains L4-L8 be OFF states only using three trains LI, L2, and L3 
among the trains L1-L8 of the blanking aperture bus available arranged at eight trains as shown in 
drawhig.4 (B) in ghost exposure. Exposure data are exposed by the blanking aperture bus available 1 1, 
bus available21, and bus available31 three-fold. 

[0105] In the case of real exposure, since pattern data are exposed by three-fold as compared with 
pattern data being exposed by blanking aperture, bus available 1 1 -bus available81, eight-fold in the case 
of ghost exposure, the exposure intensity of ghost exposure is set to three eighths of real exposure. [ for 
example, ] 

[0106] By obscuring a reverse pattern a little by weak predetermined intensity, and exposing a beam, it 
becomes possible to compensate the proximity effect. In addition, although the case where performed 
real exposure by 8-fold exposure, and ghost exposure was performed by the Mie exposure was 
explained, the ratio to real exposure of ghost exposure can be changed according to conditions. 
[0107] In addition, the method of decreasing the intensity of ghost exposure to real exposure is possible 
besides the method shown in drawing 4 . For example, all the blanking aperture bus available can be 
activated also in ghost exposure, and efficiency exposure intensity can be decreased by making the scan 
speed quicker than real exposure. 

[0108] For example, in real exposure, a clock signal is set to 50MHz and 100MHz, then the exposure 
intensity of ghost exposure serve as the abbreviation 1/2 of real exposure in a clock signal in ghost 
exposure. 

[0109] Moreover, in case reversal data are created, the intensity of ghost exposure can be decreased also 
by creating data which make all ghost exposure off to a position, 

[0110] For example, if it is made to make off all blanking aperture of an even number train in drawing 4. 
(B), the exposure intensity of ghost exposure will be set to one half. Thus, the method of thinning out 
the pattern data for ghost exposure can also be arbitrarily chosen not only as every other line but as three 
lines per ** like [ five lines / two ]. 

[0111] Thus, reverse-pattern data can be easily obtained by reversing the pattern data used in real 

exposure, performing reversal shading-off exposure following real exposure, using this reverse-pattern 

data as it is - the proximity effect -- efficient -- an amendment -- things are made 

[01 12] Although this invention was explained in accordance with the example above, this invention is 

not restricted to these, for example, various change, improvement, combination, etc. are possible -- this 

contractor -- obvious -- it will be . 

[0113] 

[Effect of the Invention] As explained above, according to this invention, also in the method exposed by 
carrying out ON/OFF control of two or more charged particle beams independently according to 
exposure information, a proximity effect correction can be performed efficiently. 
[0114] While subdividing a pattern, by using two or more beams, high exposure of precision can be 
performed by being able to expose arbitrary patterns at high speed, and performing a proximity effect 
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correction. 



[Translation done.] 
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